Abstract The scavenger receptor, CD163, is a macrophagespecific marker. Recent studies have shown that CD163 expression in breast and rectal cancer cells is associated with poor prognosis. This study was conducted to evaluate the relationship between CD163 expression as a macrophage trait in cancer cells, and macrophage infiltration and its clinical significance in colorectal cancer. Immunostaining of CD163 and macrophage infiltration were evaluated in paraffinembedded specimens, earlier analyzed for CD31, D2-40 and S-phase fraction, from primary tumors and normal colorectal mucosa of 75 patients with colorectal carcinoma. The outcomes were analyzed in relation to clinical-pathological data. CD163 expression was positive in cancer cells in 20 % of colorectal cancer patients and was related to advanced tumor stages (P=0.008) and unfavorable prognosis (p=0.001). High macrophage infiltration was related to shorter survival and positive CD163 expression in tumor cells. The prognostic impact of macrophage infiltration was independent of tumor stage and CD163 expression in cancer cells (p=0.034). The expression of macrophage phenotype in colorectal cancer cells is associated with macrophage density in tumor stroma and lower survival rates. Macrophage infiltration has an independent prognostic impact on mortality in colorectal cancer. In accordance with previous experimental studies, these findings provide new insights into the role of macrophages in colorectal cancer.
Introduction
Tumor microenvironment plays an important role in malignant disease and is influenced by several types of non-neoplastic cells, such as leukocytes and fibroblasts, in the tumor stroma. Monocytes are actively recruited to the tumor stroma,and tumor-associated macrophages (TAM) are common in the stromal compartment of several malignancies. Macrophages are derived from monocytes and show two polarization states in response to different micro-environmental signals [1] . M1 macrophages are pro-inflammatory and function as bactericidal and antigen-presenting cells. M2 macrophages have an immunosuppressive phenotype, stimulate Th2 cell differentiation and are activated by apoptotic cells and antiinflammatory molecules such as IL-4, IL-13, and IL-10. TAMs represent the M2-type macrophages and play an important role in tumor cell migration, invasion and metastasis. They also support angiogenesis and tissue repair [2, 3] .
Experimental studies show that TAMs promote tumor progression, and high infiltration in many tumor types is correlated with lymph node involvement and distant metastasis [4] .
The presence of macrophages directes tumours towards a histologically more malignant phenotype. Inhibition of macrophage infiltration in tumors may inhibit metastasis and progression of secondary tumors [5, 6] . The clinical significance of macrophage infiltration in tumor stroma, however, remains unclear. High infiltration of TAMs is correlated with poor prognosis in breast, prostatic, ovarian and cervical carcinoma [7] . In colorectal cancer, there are conflicting data on the clinical significance of macrophage infiltration, but several studies show that low macrophage density in tumor stroma is associated with an unfavorable prognosis [7] [8] [9] .
Tumor growth results in local hypoxia, which in turn induces angiogenesis. Cancer cells release chemo-attractive factors, such as MCP-1 (monocyte chemotactic protien-1) and RANTES (regulated upon activation, normal T-cell expressed and secreted), and actively recruit leukocytes to tumors [10, 11] . Once the bone marrow derived-cells (BMDC) arrive at the tumor site, they contribute to angiogenesis and tumor progression by expressing pro-angiogenic growth factors such as IL-1, VEGF, and IL-8 [7, 12] . Clinical studies have shown that increased infiltration of TAMs in solid tumors is associated with high micro-vessel density and poor prognosis. These data are particularly strong for hormone-dependent cancers, such as breast cancer. Macrophages may promote formation of lymphatic vascular networks in tumors, concomitant with neo-angiogenesis [13] .
Cell fusion is a common and crucial biological process in mammalian development [14] . Heterotypic cell fusion between BMDCs and somatic cells, such as hepatocytes, cardiomyocytes and skeletal muscle cells, is reported in several studies [15, 16] . It has been proposed that cell fusion in cancer contributes to metastasis by producing hybrids with metastatic phenotypes when cancer cells spontaneously fuse with leukocytes that acquire genetic and phenotypic characteristics from both mother cells. From the cancer cells, they gain the functional ability to migrate from leukocytes and uncontrolled growth [17] [18] [19] [20] [21] . In an animal model with parabiosis, Powell and co-workers found evidence in vivo of fusion between macrophages and tumor epithelium during the course of tumorigenesis [22] . They could in later study provide evidence that transplanted hematopoietic cells incorporate into human intestinal epithelium through cell fusion [23] . Fusion events in human cancers, however, are difficult to detect in the clinical context due to the lack of safe tracing methods. Pawelek and co-workers reported evidence indicating fusion in two patients who developed renal-cell carcinoma after allogeneic bone-marrow transplantation from donors of the opposite gender [24, 25] .
CD163 is a trans-membrane scavenger receptor for haptoglobin-hemoglobin complexes. It is specifically expressed by non-neoplastic monocytes/macrophages and by neoplasm's with monocytic/histiocytic differentiation, but not by other normal tissues [26] . CD163 is expressed in M2 macrophages [3] . Recent studies report that about 50 % of patients with breast cancer and 23 % with rectal cancer exhibit phenotypic macrophage traits by expressing CD163 antigen, which is associated with early distant recurrence and poor survival [27, 28] . It is suggested that macrophage traits in cancer cells might be explained by fusion between cancer cells and macrophages [29] [30] [31] [32] [33] .
This is an exploratery study to primarily investigate TAM infiltration in relation to the presence of phenotypic macrophage traits, manifested by CD163 expression, in cancer cells and cancer cell proliferation in colorectal tumors. These factors are further analyzed in relation to variables related to angiogenesis and patient survival time.
Materials and Methods

Patient and Tissue Samples
Sections from formalin-fixed paraffin-embedded primary tumor tissue and adjacent normal mucosa were collected from 75 consecutive patients (46 colonic and 29 rectal cancer) operated during 1982-1986. All patients were diagnosed by conventional clinical methods and underwent surgical resection at the University Hospital in Linköping and Vrinnevi Hospital in Norrköping (Sweden). Ethical approval from the regional ethics committee in Linköping and patient consent to participate in research were obtained according to swedish biobank law. The diagnosis of colorectal cancer was confirmed by routine histopathology. None of the patients received preor postoperative radiotherapy or chemotherapy since this was not a routine treatment during this period. The clinicalpathologic data were obtained from patient records.
Antibodies and Immune-Staining of Tissue Sections
Mouse anti-human monoclonal antibody (IgG1) against CD163 (clone 10D6 from Novocastra, England) was used as a macrophage marker. Lymphatic and blood vessels are examined by using mouse monoclonal D2-40 antibody (Abcam, Cambridge, UK) and mouse monoclonal anti-CD31 antibody (Dako, Denmark), respectively. These antibodies are well characterized and have been used in many previous studies [27, [34] [35] [36] [37] [38] [39] . Serial sections of 5 μm were cut from formalin-fixed paraffin-embedded tissue blocks, deparaffinized in xylene and hydrated in a series of graded alcohols (100 %, 95 %, and 70 %). The sections were stained with CD163, CD31 and D2-40 antibodies according to methods used in our previous studies [27, 40, 41, 28] .
Evaluation of Histology and Immunostaining
Histology and immunostaining were evaluated independently by three of the authors (IS, RE and HO). Observer agreement was measured according to Cohen κ [42] . Positive staining of tissue macrophages was considered a positive internal control staining for CD163; as negative controls, the primary antibodies were replaced by an irrelevant isotype anti-mouse IgG1. The positive expression of CD163 was defined as granular cytoplasmic or cytoplasmic and membrane-staining pattern. The proportion of cancer cells staining for CD163 was scored in fives grades: 0 %, 1-25 %, 26-50 %, 51-75 % and 56-100 %. TAMs and cancer cells could be distinguished on morphological grounds. TAMs nuclei were small and regular, whereas the cancer cells were atypical with pleomorphic and enlarged nuclei (Fig. 1) . A tumor was evaluated as positive if it contained any positive cancer cells; otherwise it was considered negative. Inter-observer variation calculated as Cohen kappa index [42] was κ=0.699.
Microvessel density (MVD) was assessed by counting the vessels immunostained for D2-40 or CD31 antigen under light microscopy according to the first international consensus on the methodology, criteria of evaluation and quantification of angiogenesis in solid human tumors [43] . Briefly, the D2-40 or CD31 stained sections were initially scanned at x2 and x10 magnification and the areas with the highest number of vessels stained by CD31 or D2-40 (hot spots) were selected. Vessels were counted in three fields of the hot spots at x40 magnification, and the mean value of the three fields for each case was used. S-phase fraction was estimated according to our previous studies [44, 45] . For prognostic purposes, the median value of 8 % was used as a cut-off for further analysis.
S-phase Analysis
S-phase analysis was performed according to a protocol reported in previous study [45] . Briefly, 50 μm thick tumor section were deparaffinized with xylene and rehydrated stepwise with ethanol. The samples were treated with 0.4 % trypsin (Sigma) in a citrate buffer for 24 h before filtration through a nylon mesh and staining of the cell suspension with propidium iodide. The cell suspensions were analyzed with a FACScan flow cytometer (Becton-Dickinson, USA). Normal diploid cells from the same specimens were used as internal controls. Tumours were defined as diploid if a single G0/1 peak was obtained, and as non-diploid if more than one distinct G0/1 peak occurred. The number of S-phase cells was calculated by multiplying the number of channels between the G0/1 and G2/M peaks by the mean number of cells per channel in S-phase interval. The mean value of S-phase was 8 % and was used as cut-off in later statistical analysis.
Evaluation of Macrophage Infiltration
CD163 is a macrophage-specific antigen expressed mainly by M2 macrophages. Non-neoplastic cells stained with CD163 were estimated as TAMs. To avoid overestimation of the number of TAMs which could have been due to extended cytoplasmic ramifications, we counted only cells with a visible nucleus. The infiltration of TAM in tumor stroma was evaluated over the whole section. The level of macrophage infiltration was assessed in four grades: no/weak (grade I), moderate (grade II), strong (grade III) and massive (grade IV) (Fig. 2) . For further analysis, TAM infiltration was scored as low (grad I and II) and high (grade III and IV).
Statistical Analysis
Statistical analyses were performed using SPSS statistics version 19 (IBM, USA). Pearson Chi-Square was used to evaluate the relationship between CD163 expression and macrophage infiltration in relation to patient clinical data and tumor characteristics. Survival rates were estimated using KaplanMeier method and based on disease (CRC) specific mortality. Cox regression analysis was used to estimate the prognostic value of CD163 expression and macrophage infiltration in relation to disease-specific survival. P value less than 5 % was considered as statistically significant.
Results
CD163 expression by tumor cells and macrophage infiltration
were examined in surgical specimens, including primary tumor (n=75), adjacent normal mucosa (n=75) and distal normal mucosa (n=15) from a total of 75 patients with colorectal cancer. The majority (86 %) of the patients was 60 years or older, and 53 % were male. The cancer cells expressed CD163 in 20 % (n=9/46) of the cases with colon cancer and 17 % (n=5/29) with rectal cancer (Table 1) . Epithelial cells in normal mucosa adjacent to tumor margin and distal mucosal specimens did not show any CD163 expression.
High macrophage infiltration was significantly more frequent in CD163-positive tumors than in negative tumors (p=0.018). Macrophage infiltration was high in 6 (43 %) of 14 tumors expressing CD163 in cancer cells. In contrast, macrophage infiltration was high in 8 (15 %) of 53 tumors with negative CD163 expression (Fig. 3) .
CD163 expression occurred mainly in advanced stages of colorectal cancer (p=0.008). Of 14 patients with positive CD163 expression, 13 (93 %) had colorectal cancer in stage III-IV. Thirty-six patients (59 %) with negative CD163 tumors had tumor stage I-II. In 15 patients (20 %), the tumors exhibited high macrophage infiltration. The infiltration level of TAMs was not statistically correlated with the tumor stage. The proportions of patients with high and low macrophage density were nearly even in the respective tumor stages. Gender, age, tumor localization and growth pattern were associated with neither CD163 expression in cancer cells nor macrophage infiltration (Table 1) . CD163 expression, macrophage infiltration and angiogenesis MVD in tumor tissue was estimated by using CD31 as a blood vessel marker. D2-40 was used to stain lymphatic vessels and determine LVD. For CD31, mean MVD in all tumors was 124 microvessels per x200 field (range 13-372, SD±67), whereas mean LVD was 17 lymphatic microvessels per x200 field (range 0-127, SD ±18). MVD and LVD were correlated neither with CD163 expression in colorectal cancer cells nor macrophage infiltration in tumor stroma (Table 1) .
Macrophage Infiltration and CD163 Expression are Associated with Cancer Cell Proliferation
The proliferation activity in cancer cells was determined by Sphase fraction. S-phase fraction exceeded 8 % in 8 of 10 patients with positive CD163 tumors, which is significantly more frequent compared with the CD163 negative tumors (p=0.032). Out of 12 tumors with high macrophage density, 10 (83 %) exhibit an S-phase fraction exceeding 8 % (P=0.006) ( Table 1 ).
CD163 Expression, Macrophage Infiltration and Survival Time
The mean survival time in all patients was 63 months (SD ±45). The survival time was significantly shorter in the patients with tumors expressing CD163 in cancer cells (Fig. 4a) . The mean survival time for the patients with positive CD163 tumor was 34 months (SD ±45) with 1-and 5-years survival rates of 70 % and 21 %, respectively. Patients with negative CD163 tumors had a mean survival time of 70 months (SD ±39) and 1-and 5-years survival rates of 90 % and 64 %, respectively. High macrophage infiltration was also associated with significantly shorter survival time (Fig. 4b) . The mean survival time in patients with high macrophage infiltration was 43 months (SD ±40) and with low macrophage infiltration, 69 months (SD ±46). Survival rates of 1-and 5-years in patients with high macrophage infiltration were 81 % and 38 %, respectively. The corresponding rates in the patients with low macrophage infiltration were 88 % and 61 %.
In an attempt to predict the prognostic value of CD163 and macrophage infiltration, Cox regression analysis was performed in relation to tumor stage. Regardless of tumor stage and CD163 expression, high macrophage infiltration was significantly related to poor survival (P=0.034, Table 2 ).
Discussion
The relationships between expression of CD163 in colorectal cancer cells, macrophage infiltration in tumor stroma and clinical outcomes were evaluated in 75 patients with colorectal cancer. CD163 expression was associated with advanced tumor stage, poor survival and macrophage infiltration in tumor stroma. Both macrophage infiltration and CD163 expression were significantly correlated to higher proliferation rate of cancer cells.
Cells belonging to the myeloic lineage are the major component of leukocyte infiltration in solid tumors. TAMs have complex dual functions in their interaction with neoplastic cells and are part of an inflammatory process that promotes tumor progression [46, 47] . The primary tumor can regulate the function of TAMs, including their tumor cell cytotoxicity. The clinical and pathophysiological significance of macrophage density in colorectal cancer is a controversial issue. The contradictory outcomes in clinical studies may be due to the use of different methods to evaluate macrophage infiltration and the identification of TAMs with different and less macrophage specific markers. CD163 is a macrophagespecific marker and is highly expressed by TAMs [48] . In the present study, macrophage density in tumor stroma was statistically related to poor survival. However, the present study is retrospective and the number of patients (n=75) included is limited, why these data can not be generalized. Studies with larger numbers of patients and specific macrophage markers, like CD163, are necessary to address this issue.
Interaction between neoplastic cells and the tumor microenvironment is crucial for tumorigenesis. In vitro co-culture of macrophages with tumor cells has been shown to result in accelerated tumor growth [49] . TAMs express several factors, such as EGF, MMP-9, TGF-β and CXCL-14, that stimulate tumor cell proliferation and survival [50, 51] . However, it is unclear whether macrophage density in tumor stroma is directly linked to tumor demography. In this study, macrophage infiltration was quantified in four degrees and shows that higher proliferation rates in cancer cells, estimated as S-phase fraction, are positively correlated (p=0.006) with increased macrophage density in the tumor stroma. These data are consistent with experimental in vitro studies suggesting macrophage promotion of tumor growth. To our knowledge this is the first report that shows correlation between macrophage density tumor stroma and cancer cell proliferation in human colorectal cancer samples.
It has previously been shown that macrophage traits, manifested as CD163 expression, in breast and rectal cancer cells are related to early distant recurrence and reduced patient survival [52, 27] . These observations are substantiated in the present study. Cell fusion as a biological process is consistent with the existing knowledge of macrophage functions. Macrophages fuse to become osteoclasts in bone tissue and giant cells in chronic inflammation. In vitro fusion between macrophages and malignant cells generates hybrids with enhanced metastatic ability [53, 29, 54, 55] . Heterotypic cell fusion between BMDCs and somatic cells has been demonstrated in several studies [56, 15, 57, 16] and might be a source of multiple tumor types [58] . In an experimental model of parabiosis, Powell and coworkers recently showed in vivo evidence of fusion between BMDCs and intestinal tumor cells. The most significant finding in this study is that in vivogenerated macrophage-tumor cell hybrids gain macrophage properties involved in tumor metastasis such as extravasation, migration, and immune evasion [59] . Silk et al. reported convincing data showing fusion between hematopoietic cells and epithelial cells in humans. Fusion between myeloid cells and tumor cells is a source for macrophage traits in cancer cells [32, 22] . In this study the macrophage-specific antigen, CD163, is expressed by cancer cells in about 20 % of patients with colorectal cancer. CD163 expression is more common in advanced tumor stages, lower survival time and significantly associated with tumor cell proliferation with higher S-phase fraction (p=0.032). These results do not provide direct evidence for cell fusion theory, but in consistent with previous reports [60, 20, 55, 53, 61, 23] , CD163 expression in cancer cells might be due macrophage-cancer cell fusion and contributes to tumor progression.
Conclusions
To our knowlege, this is the first study that shows macrophage traits in the colorectal cancer cells, manifested as CD163 expression, is correlated to high macrophage density in the tumor stroma. Both macrophage infiltration and CD163 expression in cancer cells are associated with higher cancer cell proliferation rates. This report is a hypothesis generating study that provide new insight on the role of macrophages in the tumor microenvironment and contributes to a better understanding of its pathophysiology in tumor progression.
